When used to restrain rats while obtaining cardiac blood, there was little difference between the effects of ether, pentobarbitone sodium, and fentanyl plus droperidol on acid-base balance, haemoglobin, haematocrit, plasma protein, calcium and magnesium. The use of manual restraint increased blood acidity, plasma protein, calcium and magnesium, but decreased blood glucose. Haemoglobin and haematocrit values were higher for tail blood than for blood removed from the heart or abdominal aorta.
The removal of blood from the rat usually involves a certain degree of stress to the animal.
During work on iron metabolism in progress in this laboratory a number of blood sampling methods were used, with varying degrees of response from the rat. Thus it was decided to compare the effects of these methods of blood sampling on some widely used biochemical and haematological parameters. The effects of restraining rats using a gaseous anaesthetic (ether), an intraperitoneal anaesthetic (pentobarbitone sodium), and a neuroleptanalgesic agent (a combination of fentanyl and droperidol), were compared with manual restraint.
In another experiment the influence of the site of blood removal on some acid-base and haematological values was examined.
MATERIALS AND METHODS
Female albino Wi star rats of about 300 g bodyweight were used in this study and were maintained on a balanced pelleted diet prior to the experiments.
Effects of restraint
The following methods of restraint were employed while cardiac punctures were carried out to remove blood. ·Present address: Department of Veterinary Physiologyand Biochemistry,Veterinary College of Ireland, University College Dublin, Ballsbridge, Dublin 4, Ireland. tPresent address: Tropical Products Institute, 56-62Gray's Inn Road, London, WCIX 8LD.
Ether ('Anaesthetic
Ether'; May & Baker Ltd, Rainham Road South, Dagenham, RMIO 7XS) was administered by placing the rat in a dessicator containing cotton-wool soaked in the ether. After the induction of anaesthesia the rat was removed from the dessicator and anaesthesia was maintained using a face mask.
Pentobarbitone sodium ('Nembutal'; Abbott Laboratories Ltd, Queenborough, ME11 5EL) was administered by intraperitoneal injection of 5 mg/ 100 g bodyweight.
Fentanyl and droperidol ('Thalamona1'; Janssen Pharmaceuticals Ltd, Chapel Street, Marlow, SL 7 lET) was administered by intramuscular injection of 0·1 mt/tOO g bodyweight.
Each mt of 'Thalamonal' contains 2·5 mg of the sedative droperidol and 0,05 mg of the analgesic and sedative fentanyl.
Manual restraint: the animals were restrained in one hand by the operator while the sample was removed using the other hand.
This method of obtaining blood samples led to a considerable amount of stress prior to and during the removal of the sample.
These methods of restraint were used on 2 groups of rats: animals that received only the restraining medication prior to sampling;
animals that received 1 ml of 4 mol/l ammonium chloride per 300 g bodyweight via a stomach tube 2 h prior to sampling.
This dosage of ammonium chloride was found during a preliminary experiment to induce metabolic acidosis. There were 10 replicates of each treatment for each group of rats. The data obtained were analysed as a split-plot design experiment (Snedecor, 1956) . Acid-base status, haemoglobin, haematocrit, glucose, as well as plasma protein, calcium and magnesium were determined from the blood samples.
Effects of site of sampling
In this experiment blood pH, plasma carbon dioxide, bicarbonate, and base excess as well as haemoglobin and haematocrit values were compared following the removal of blood from different sites in the same animal.
The blood parameters were compared in 2 groups of rats:
rats where blood was removed from the tail initially and then by cardiac puncture;
rats where blood was removed from the tail initially and then from the surgically-exposed abdominal aorta. Each group consisted of 20 rats. Ether anaesthesia was used to restrain the animals while sampling.
Heparin was used as an anticoagulant throughout the experiments. Acidbase, glucose, haemoglobin and haematocrit determinations were made im-mediately on the removal of the blood sample, while the plasma was stored at 4°C for subsequent analysis.
Analytical methods
All pH determinations were made at 38°C with a pH meter fitted with a microelectrode unit and a water-circulating thermostat. The values for plasma, carbon dioxide, bicarbonate and base excess in blood were computed after p CO 2 and p O2 values were recorded on a blood gas analyser. Total protein in plasma, blood, glucose and haemoglobin were estimated by the biuret method, enzymatically and by the cyanmethaemoglobin methods respectively using Biochemica Test Combinations (Boehringer Mannheim, P.O.B. 51, 68 Mannheim 31, West Germany). Haematocrit was determined by centrifugation at 12000 g for 5 min using a microhaematocrit centrifuge. Calcium and magnesium values were obtained using atomic-absorption spectroscopy.
RESULTS

Effects of restraint
The results indicate clearly that in rats that are normal or suffering from acidosis, the stress caused by manual restraint during blood sampling can lead to increased blood acidity (Table I ). In the case of values for pH, plasma carbon dioxide, bicarbonate, and base excess, the use of manual restraint produced significantly decreased values in the case of both the normal and acidic group of animals. In respect of these parameters, the differences between the 3 drugs used during blood sampling were small. The levels of haemoglobin and haematocrit in both groups of animals were higher where manual restraint was used. Elevated blood-glucose levels were recorded with all drugs compared to the manually-restrained animals. All these differences were significant (P<O'05) except between ether and manual restraint in the presence of acidosis. Plasma protein levels were lower due to all the medicaments used relative to the manual restraint treatment, while the acid-base status of the animals has little effect on this parameter. Similar values for plasma calcium were recorded with the ether and manual restraint treatments, while the values following the use of pentobarbitone sodium and fentanyldroperidol were lower. There were only slight differences in plasma magnesium levels due to the 3 drugs, but manual restraint resulted in higher levels. There were no significant interactions between any of the treatments and the acid-base status of the animals. Table 2 shows that in terms of acid-base status blood removed from the tail tended to be more acidic than cardiac blood and less acidic than blood Table 1 . The effect of blood sampling technique and acid-base status on some blood parameters in the rat.
Effects of site of sampling
There were no significant interactions between the methods of blood sampling and the acidbase status of the animals so the values for the acidic and normal rats were not compared. *** N refers to rats that were not given ammonium chloride prior to sampling. A refers to rats given 1 ml of 4 mol!1 ammonium chloride per 300 g bodyweight 2 h before sampling. Where means do not have a letter (a, b or c) in common they are significantly different from one another (P<0·05).
Acid
**Significant at 1 % level. *"'* Significant at 0·1 % level.
obtained from the aorta.
Values for blood pH and plasma base excess were significantly lower for blood removed from the aorta relative to tail blood, but plasma total carbon dioxide and bicarbonate levels were significantly higher for cardiac blood than for tail blood.
Haemoglobin and haematocrit readings for tail blood were higher than those obtained from the heart or the aorta.
The differences between the tail and cardiac blood were considerably greater than those between tail and aorta samples. 
DISCUSSION
The 3 medicaments used for restraint did not seriously differ in their effect on acid-base status in the rat at the differing levels of acid-base balance examined.
The acidic effect of the method of manual restraint employed, with its consequent exertion, probably resulted from the production of lactic acid in the muscle which rapidly diffuses into the blood.
Similar effects on acidbase parameters in human blood following exertion have been ascribed to lactic acid production by Hermansen & Osnes (1972) and in the rat by Dawson, Nadel & Horvath (1971) , and in sheep by Morgan & Upton (1975) . The higher levels of haemoglobin, haematocrit and plasma protein recorded on the manually restrained rats were probably due to the stress caused by this procedure.
This effect of stress has already been noted by Dalton (1972) using horses and Dawson et al. (1971) with rats, when stress was caused by exercise. Likewise, stress induced by exposure to low temperatures led to increased haematocrit values in pregnant cows (Lister et al., 1973) , in sheep (Bailey, 1964) and in poultry (Kubena, May, Reece & Deaton, 1972) .
The elevated glucose values recorded during ether anaesthesia is in accord with the findings of Besch & Chou (197] ).
This was probably due to the hyperglycemic effect of ether as outlined by Brewster, Bunker & Beecher (1952) . The tendency for calcium and magnesium values to be elevated after manual restraint with its resultant stress, coupled with the increased haemoconcentration and plasma protein readings on this treatment, suggest that this occurred in part at least due to plasma water loss. This is in agreement with the report of Dawson et at. (197] ) who suggested that stress leads to plasma water loss.
For acid-base measurements the site of removal of blood in the rat is not very important, except in the case of pH and base-excess determinations when comparing tail blood with aortic blood.
The lower pH and base-excess values of aortic blood relative to tail blood are difficult to explain but may be related to the stress of surgery involved in removing the aortic blood.
Tail blood gave consistently higher values for haemoglobin and haematocrit, particularly when compared with cardiac blood.
Thus it is clear that the site of blood removal, as well as the stress produced during blood sampling, can influence a number of parameters in the rat.
